Introduction
Toxoplasmosis is highly prevalent in Brazil, where its prevalence ranks among the highest in the world. However, the prevalence of ocular toxoplasmosis may vary from one region to another within the country, even in the face of seroprevalence of the same magnitude. For over a decade we have been studying toxoplasmosis in Campos dos Goytacazes, which has amongst the highest prevalence of the condition already reported. Local social and environmental peculiarities influence the risk factors and impact the seroprevalence when analyses are performed in local populations stratified by socioeconomic status [1] . Campos dos Goytacazes, usually referred to as Campos, is located in the northern state of Rio de Janeiro in the most important oil-producing region of Brazil. The city is composed of an area equivalent to 4,027 km 2 , and with 463.731 inhabitants, it is the third most economically important city in the state of Rio de Janeiro. Some aspects related to the natural history of toxoplasmosis in Campos are connected to its historic past with respect to economic agricultural and rural activities that were linked to the Sugar Cane economy. Sugar production prevailed as the most important economic activity until the mid-80s, at which point it began gradually giving way to activities related to oil. The city still preserves its spatial organization and cultural points, which are characteristics of a city with strong rural features.
In areas with a high prevalence of infectious and parasitic diseases, such as toxoplasmosis in Campos, several challenges are posed to the health authorities with regard to diagnoses, accurate assessment of incidence and prevalence, and clinical management of disease symptoms. Our studies in toxoplasmosis have focused on the natural history, epidemiology, immune response and immunogenetics of infected individuals in order to better understand the clinical presentation of the disease. In this chapter, we present in four sections, data related to 1) the diversity of presumable toxoplasmic retinal/retinochoroidal scar lesion presentations in comparison to other population-based studies of the same nature in Brazil; 2) the profile of the in vitro immune response of patients in the context of the clinical presentation of ocular toxoplasmosis; 3) evidence for candidate genes that are associated with susceptibility for or protection against the development of toxoplasmic retinal lesions; and 4) the association of ocular toxoplasmosis with other infectious diseases.
The diversity of retinal/retinochoroidal scar lesions in T. gondii hyperendemic areas of Brazil
In the past, most T. gondii retinochoroiditis was thought to be of congenital infection origin. However, it is currently accepted that ocular disease is most likely the most common potentially severe symptomatic manifestation in acute, postnatally acquired toxoplasmosis [2, 3] . The epidemiologic studies in Brazil have contributed to changing that traditional belief. In the country, toxoplasmosis is the most frequent cause of infectious uveitis, as in many other nations [4] [5] [6] [7] [8] [9] 56, 57] . The prevalence of ocular toxoplasmosis in areas highly endemic for T. gondii in Brazil has an important public health impact and differs among areas of similar seroprevalence. Population-based studies involving people of ages ranging from 10 years to older than 50 years from different regions of the country have shown that the prevalence of retinochoroiditis varies from 2.6% to 17.7% [4] [5] [6] [7] [8] .
The population-based studies that are used to estimate ocular disease caused by T. gondii infection depend on the observation of retinal/retinochoroidal lesion scars via fundoscopic examinations, and as in epidemiologic surveys, it is not common to find patients with active toxoplasmic lesions. The observed difference in ocular prevalence, even in face of similar seroprevalence has oriented studies to better understand and identify the risk factors for infection and for the development of toxoplasmic ocular disease.
Holland and associates in 1996 [3] report the three types of retinochoroidal lesions in otherwise healthy patients, described in 1969 by Friedmann and Knox, which are based on the localization in the retina, size, vitreous inflammatory reaction and probable prognosis in terms of complications or decreased vision. However, for epidemiologic surveys, the lack of a classification system or a consensual proposal to describe scar lesions presumably caused by T. gondii infections certainly impacts the final prevalence that is determined in various studies and, perhaps more importantly, fails to describe asymptomatic, less severe scar lesions confined to the retinal pigment epithelium (RPE) that are not commonly seen by ophthalmologists in clinical settings. Such lesions might be important not only from an epidemiological point of view itself, but, if well studied, they could perhaps aid in the development of new therapeutic approaches that may benefit patients who have more severe forms of disease, especially recurrent forms of ocular toxoplasmosis.
In light of these considerations, subjective criteria certainly influence the clinical diagnosis of ocular toxoplasmosis in population-based studies, which are based on the appearance of inactive retinal/retinochoroidal scar lesions left by presumed toxoplasmic lesions that were previously active. In addition, the ophthalmologists' clinical experience on the resolution of active lesions is important for the recognition of retinal/retinochoroidal toxoplasmic scar lesions.
An important epidemiological study conducted in Brazil by Glasner and associates in 1992 reported a ranking of probability for the classification of retinal scar lesions that are presumably caused by T. gondii infection [4] . The system was established by the authors to try to estimate the actual prevalence of ocular toxoplasmosis in a highly endemic area for T. gondii infection located in a small village in southern Brazil called Erechim. According to the authors, on the basis of a conservative assessment of ophthalmic findings, 17.7% of the patients (184 out of 1042 examined) were considered to have ocular toxoplasmosis. They categorized the different types of lesions that were identified during the examination of 1042 individuals and organized them into five groups numbered 1 through 5 according to the probability that the lesion was caused by T. gondii infection. Those classified from grade one to grade three were considered to be definitively caused by T. gondii infection [4] . We found the authors' initiative very important, and with the same objective, we have proposed some descriptive criteria to classify the most commonly found retinal/retinochoroidal lesions from our population-based work in Campos dos Goytacazes [7, 10, 11] . However, as mentioned earlier, the nature of the toxoplasmic retinal/retinochoroidal scar lesions, or even active lesions described during the fundoscopic examination, is subjective. Thus, the decision as to whether a scar lesion was caused by T. gondii infection depends, to some extent, on subjective criteria. To minimize the intrinsic characteristic of this decisional process, in population-based studies, a group of ophthalmologists consensually decide which scar lesions have the greatest probability of being caused by toxoplasmic infection. During this process, the ophthalmologists are usually uninformed as to whether the patient serology is positive or negative for T. gondii.
There is a type of retinal/retinochoroidal scar lesion that is universally accepted as being healed from active retinal/retinochoroidal inflammation caused by T. gondii infection. These scars usually result from the active typically visible yellow-white focus with fluffy borders, which may or may not be accompanied by vitreous inflammation that limits the visualization of the posterior pole [12] . However, there exist other lesions that are equally recognized by specialists as toxoplasmic lesions, termed as "atypical" toxoplasmic lesions, and their active forms have been reviewed [3, 12] . The frequency of scar lesions healed from "atypical" active toxoplasmic lesions in population-based studies is not well known because in previous studies, with the intent of avoiding an over estimation of ocular toxoplasmosis, only scars healed from typical lesions, which are most likely equally typical in terms of toxoplasmic retinochoroidal scar lesion representativeness, have been usually used to infer the ocular prevalence of T. gondii infection in epidemiologic surveys. As a consequence, identifying the actual prevalence of ocular toxoplasmosis in areas highly endemic for T. gondii in Brazil constitutes a challenge in practice and may be underestimated. In fact, the existence of retinal/retinochoroidal scars most likely healed from non-typical toxoplasmic retinal/retinochoroidal lesions have been reported in endemic areas [4, 7, [9] [10] [11] 13] as discussed later in this section.
Two groups working independently in Rio de Janeiro state, one from the State University of North Fluminense (UENF) at Campos dos Goytacazes and another from the Oswaldo Cruz Foundation, have conducted epidemiological and human immunogenetic studies that can be directly compared because the same criteria for ocular scar lesions classification was adopted for both [9, 11] . The criteria for characterizing scar lesions that were presumably caused by T. gondii infection adopted by both groups were based on the morphological aspects of the scars, primarily the pigmentation and the degree of retinal tissue damage. The lesions were termed as type A, type B or type C by the Campos dos Goytacazes group [7, 11] and as type 1, type 2 or type 3, respectively, by the Oswaldo Cruz Foundation group [9] . The Oswaldo Cruz group investigated the retinochoroiditis caused by T. gondii infection in a rural area (Santa Rita) of Barra Mansa, located at southern part of the Rio de Janeiro state [9] . Campos dos Goytacazes and Santa Rita are both supplied by the Paraíba do Sul River, which supplies water to approximately 4.8 million persons in Brazil. The cities are located approximately 390 km from each other; Campos at north of the state and Barra Mansa in the south.
In 2005, the Campos group published a proposal (in Portuguese) to categorize/classify the diverse foci of retinochoroiditis scars found in a survey conducted from 1997-1999 on the prevalence and risk factors for T. gondii infection. In the proposal, the group termed the toxoplasmic scar lesion foci as type I, type II or type III [10] . In a previous publication of 2001 [7] , the Campos group had termed such lesions as type A, type B and type C, respectively. However, because of the possibility of confusion and some relation with the three archetypal T. gondii lineages, which are termed type I, II or III based on the genomic sequence associated with their virulence in mice [14, 15] , we returned to the original classification nomenclature of type A, type B and type C [7, 11] . The following descriptions in quotes are related to the three classes of retinal/retinochoroidal foci scars found in T. gondii seropositive individuals in endemic areas to toxoplasmosis published by both the Campos and Oswaldo Cruz Foundation groups: "class A lesions present well-marked boundaries, usually surrounded by a pigmented halo and extensive destruction of the retina and choroid. Class B lesions are characterized by a surrounding hypopigmented halo and a smaller degree of tissue destruction in comparison to class A. Class C lesions are basically areas of retinal pigment epithelium hyperplasia or atrophy with a smaller degree of tissue destruction compared to class A and B" [11] and "type 1 lesions boundaries are well marked with a halo of hyperpigmentation and central area of retinochoroidal atrophy, type 2 lesions with hypopigmented halo and central hyperpigmented area and type 3 lesions hyperpigmented or hypopigmented consistent with hyperplasia or atrophy of the retinal pigment epithelium" 1 [9] . Figure 1 shows representative type A, B and C scar lesions that appear isolated in one or both eyes as well as multiple lesions of different types (AB, ABC, AC and BC) in one or both eyes. Type A and B scar lesions have a higher probability of being recognized by ophthalmologists as being caused by T. gondii infection. Certainly, out of the context of epidemiological surveys to estimate ocular toxoplasmosis, type C scar lesions would, with very low probability, be considered as retinal scars healed from ocular toxoplasmosis. Some aspects intrinsic to this type of scar lesion led us to believe they are caused by T. gondii infection; these are i) their high frequency in patients who are seropositive for T. gondii; ii) their common association with the more typical type A and B scar lesions; and iii) their differentiated profile of the specific in vitro cellular immune response of patients presenting this type of lesion compared to T. gondii seropositive patients who present no ocular lesions. We have evidence that the profile of their specific in vitro cellular immune response is most likely a result of a very efficient mild to minimal inflammatory intraocular reaction against T. gondii that causes only superficial injury to RPE, which can result in pigmented or apigmented scars, as we shall see later in this chapter. In a survey conducted in 1997-1999 to investigate the seroprevalence of toxoplasmosis in Campos [1] , during which 1436 persons were investigated and the local waterborne nature of T. gondii infection was shown, the study population was divided into three socio-economic strata. In addition to other factors, the geographic localization of the selected people was important for differential T. gondii seroprevalence levels. Then, for the groups living in slums and rural areas from Campos who shared the same lower socio-economic strata termed as population 1 (P1), the T. gondii age adjusted serumprevalence was 84% [1] . For the middle and upper socioeconomic groups, termed as population 2 (P2) and population 3 (P3), 62% and 23% of T. gondii age adjusted seroprevalence was identified, respectively. However, the lower age adjusted seroprevalence of toxoplasmosis observed for P3 (23%) and P2 (62%) in comparison with P1 (84%) [1] contrasted with the similar overall ocular prevalence found for the three populations namely, P3 (12%), P2 (10%) and P1 (12%) [7] . It is important to mention that for the estimation of ocular disease prevalence caused by T. gondii infection in Campos, which was published in 2001, a more conservative basis for diagnose was adopted. The diagnosis considered only the typical appearance of retinochoroidal scar lesions for the prevalence calculation [7] . For the Santa Rita study, which will be compared to the Campos study, only the population living in rural areas was evaluated, and the T. gondii seroprevalence was found to be 65.9%; however, no risk factor was reported [7] . For the Campos study, we observed that despite the same seroprevalence among those living in rural areas and those living in slums (both from P1 strata), the prevalence of ocular disease was different. Namely, when the lower socio-economic strata were sub-stratified according to people living in rural areas and those living in slums, we found that the prevalence of ocular disease was 14% for those living in rural areas and 8% for those living in slums [7] . For the Santa Rita study, which involved only the rural community, ocular disease prevalence was reported as 5.8%.
For the past six years, we have conducted randomized samplings of individuals older than 10 years belonging to P1 and P2 (lower and middle socio-economic strata, respectively, from the total Campos population). We have collected peripheral venal blood for T. gondii serologic evaluation and patients have been examined by indirect ophthalmoscopy . Some patients who may have participated from the previous survey [1] were re-evaluated clinically and serologically by collecting new blood samples for the immunological and immunogenetic studies. The results of the serologic prevalence and the prevalence of ocular disease from 411 patients that were examined over the past six years are reported in Table 1 to compare our results with the Santa Rita study population.
The frequencies of types of scar lesions, considering the total number of patients who presented scar lesions in each study, are shown in the Table 1 . There were 41 persons with scar lesions out of 706 T. gondii seropositive individuals from Santa Rita and 94 subjects with scar lesions out 314 T. gondii seropositive individuals from Campos. We observed that the frequency of type A (type 1) lesions was much higher in Santa Rita (41.5%) than in Campos (19.1,%) and that the most frequent type of scar lesion per patient from Campos was type C (28.7%); in Santa Rita, the frequency of the type C (Type 3) scar lesion was 12.2%. Curiously, the frequency of type B (type 2) lesions was very similar in both areas: 24.4% in Santa Rita and 24.5% in Campos. The sum of multiple lesions types in both areas was also similar. Namely, the sum of the frequency of individuals who presented AB + ABC + AC + BC as well as 1 and 2 + 1 and 2 and 3 + 1 and 3 + 2 and 3 scar lesions was 27.7% and 22% for Campos and Santa Rita, respectively. Considering that out of 411 clinically and serologically examined patients 314 were seropositive for T. gondii, the seroprevalence was estimated at 76.6%. This prevalence represents the intermediate value between the prevalence observed for P1 (84%) and P2 (62%) reported in 2003 [1] and calculated by P1(84%) + P2(62%)/2 = 73%. The same was observed for the expected and found toxoplasmic ocular prevalence; i.e., adopting the same highly conservative criteria of 2001 to compute toxoplasmic scar lesions and considering only the individuals who presented typical lesions (type A scar single or multiple lesions, i.e., the sum of type A scar lesions plus scar lesions of type AB, ABC and AC), we found a toxoplasmic ocular prevalence of 11.7% (37 out of 314 individuals). Once again, the prevalence corresponded to that would be expected from that observed in 2001: 10% for P1 and 12% for P2 [7] , as P1(10 %) + P2(12%)/2 = 11%. However, if we consider type B and type BC scar lesions together with type A and type AB, ABC, and AC scar lesions to calculate the toxoplasmic ocular prevalence in Campos, we find 21.33% (67 out of 314). Furthermore, if we additionally consider type C scar lesions to calculate the frequency, the prevalence of toxoplasmic ocular lesions in Campos increases to 29.9% (94 out of 314). It is important to keep in mind that the prevalence values are related to the population extract P1 plus P2 older than 10 years and that it is after the age of 10 that we observe a substantial increase in T. gondii seroprevalence for P1 and P2, based on previous studies in Campos [1] . Furthermore, it is only after 10 years of age that we observe the elevation of ocular toxoplasmosis prevalence in population-based studies in general [2] .
In the context of the diversity of retinal/retinochoroidal scar lesions found in epidemiologic surveys in Brazil, another important report from the Erechim area was conducted by Silveira and associates in 1999 [13] , seven years after the study conducted by Glasner and associates in 1992 [4] . A group of patients that were previously examined in 1992 presented a type of hyperpigmented scar lesion presumably caused by T. gondii infection and termed as "atypical" in comparison with those were termed as "typical" lesions. Some of those patients had "atypical" scar lesions that evolved to "typical" toxoplasmic retinal lesions in the time frame of 7 years. The description of the hyperpigmented "atypical" lesions from patients of Erechim fulfills all but one of the criteria we have used to classify type B toxoplasmic scar lesions in Campos [13] . The difference between Silveira's description and our description is that we do not consider size to define the type of scar in any of our classification criteria. Instead, we consider the type of pigment distribution in the scar and the degree of the retinal tissue damage, namely the degree of tissue damage that can be inferred by indirect opththalmoscopy, considering the natural limitations for this type of examination in terms of tissue evaluation damage. In the referred study from Erechim, Silveira and associates showed that at 7-year follow-up, 3 persons of 13 subjects presented "atypical" scar lesions that evolved to "typical" toxoplasmic retinochoroidal scars. They concluded that the typical new lesions arose from or adjacent to the pre-existing atypical lesions in two of the three patients based on photographs and drawing of atypical scar lesion location seven years prior [13] .
As stated earlier, the criteria used to classify scar lesions as type A, B or C are morphological based on the pigment appearance and the degree of retinal damage. However, we believe that information regarding their size and localization could be useful for future comparative studies in other endemic areas of Brazil and abroad. We present the frequency of localization and sizes of 85 scar lesions from 49 patients, some of which were involved in immunological and immunogenetic studies conducted in Campos [16] [17] [18] . In Figure 2 , a fundoscopy picture from a normal (presenting no retinal damage) individual is shown. The numbers indicate four retinal region (code/index) that are used to compute the scar lesion localization for frequency calculation purposes, as shown in Table 2 . Each retinal region shown in Figure 2 is assigned an arbitrary number (index/code) as follows: equatorial (1), macula (2), posterior pole / macula (3), posterior pole (4); the periphery (5) shown in Table 2 does not appear in Figure 2 because it is not usually visible in fundoscopic pictures. Each scar lesion was computed independently if an individual exhibited more than one type of scar lesion in one or both eyes, such as A, B or C or a combination of types, such as AB, AC, ABC, or BC, irrespective of their locations. Thus, from the 49 individuals who presented scar lesions, a total of 15 type A scar lesions, 34 type B scar lesions and 36 type C scar lesions were considered for analysis, totaling 85 scar lesions.The median value of scar from the most severe lesions (type A) that was 2, presentes a numeric value (index/code) arbitrarily attributed to denote location on the retina, that was lower compared to values observed for the locations of type B (median value= 4) and C (median value =5) scar lesions. This fact illustrates that the median locations of type A scar lesions (median value =2) are preferably in regions closer to the macula (see Figure 2) , whereas type C lesions are preferentially located in peripheral regions of retina. The statistical comparison among the different types of toxoplasmic scar lesion locations was tested using a Kruskal-Wallis test followed by a Dunns test. A significant difference (p ≤0.01) was found between the localization of type A scars and type C scars. No significant difference between the locations of type A and B scar lesions was found. Between type B and type C scar lesions, a significant difference (p< 0.01) was also found. The sizes of the same 85 scar lesions were also measured in terms of optic disc size (disc diameter, dd) at the slit lamp with a 78 D lens in a normal clinical ophthalmoscopic examination.. Table 3 shows the scar lesion types sizes that were categorized in 4 size ranges: 0 to 0.5 dd, 0.6 to 1 dd, 1.1 to 1.5 dd, and 1.6 to 2.0 dd. The four size ranges corresponded to a code/index number from 1 to 4, respectively, for the statistical analysis objective. The diameter of the optical disc of each subject was used as a parameter for determining the size of the scar lesions of the same person. There is no proportional relationship defined between the disc diameter and the arbitrary attributed code/index number. The frequency of occurrence by size of each of the 15 type A scar lesions, 34 type B and 36 type C scar lesions is shown in Table 3 , where the three scar type sizes were compared in terms of the relationship between the type and the size range measured for the disc diameter (dd), as explained above. The type A scar lesions (healed from the most severe lesions) exhibited sizes significantly larger (median value = 2.2) p ≤ 0.001 than the type C scar lesions (median value = 1.0) but not significantly larger than type B scar lesions (median value =1.8), which are of middle severity in terms of retinal damage. A significant difference (p ≤ 0.001) relative to the size of the type B ocular scar lesions was also observed in comparison with type C scar lesions, which were on average smaller than type B lesions. It is important to mention that the age of the patient can influence the size of the optical nerve (diameter) [19] , which can interfere with these types of measurements. However, the average age between groups did not differ statistically, and therefore this factor likely did not affect our evaluation. Nonetheless, the size measurement was not considered in our proposed criteria to classify scar type lesions, and it is discussed here solely to provide a better representation of the diversity of the scar lesions we have found with a reference for the measurement, which can be useful for comparative studies in other areas from Brazil and abroad.
Size of lesion in diameter disk (dd)
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Frequency of occurrence (n) of each lesion type The average age between groups did not differ statistically. The average age of patients presenting scar lesions of type A was 44 yrs and AC 52 yrs which are higher in comparison with the other types of lesions (type B, BC and ABC 29 yrs, type AB 32 yrs and type C 36 yrs) and consistent with previous findings that have shown that age is an important factor for the severity of ocular toxoplasmosis [20] . Nevertheless, if we assume that the "atypical" hypermigmented scar lesions that were described to occur in T. gondii seropositive patients from Erechim [13] are the same type of type B scar lesion we describe for patients from Campos, the data are similar regarding the age of the patients presenting those lesions, which were more common among younger patients (under 17 years of age) compared to older individuals [13] . This fact might indicate that type B scar lesions would be related to more recent infections. Unfortunately, age as a function of the type of scar lesion was not reported in the Santa Rita study [9] . We can conclude from the set of data presented and reported from other studies that the lack of a set of consensual criteria for scar lesions presumably caused by T. gondii infection may account, at least partially, for the differences in the reports of categorization/classification of toxoplasmic ocular prevalence observed in Brazil.
Immunological parameters in the context of the diversity of retinal/retinochoroidal scar lesions from T. gondii seropositive patients
T. gondii infection in both mice and humans is characterized by a host response with high levels of pro-inflammatory cytokines, such as interleukin 12 (IL-12), tumor necrosis factor (TNF)-α and interferon gamma (IFN-γ), all of which have been implicated in both the regulation of parasitic replication in the host as well as in the ocular pathology [11, 16, [21] [22] [23] [24] . The importance of the immune response of patients infected with T. gondii against the parasite has been recognized, together with other variables comprising the multifactorial nature of ocular toxoplasmosis. In this section, we present results from the in vitro parameters of the cellular immune response of T. gondii seropositive patients with and without ocular retinal/retinochoroidal scars and control groups of seronegative patients exposed to the same risk of infection, which involved the consumption of untreated water from wells or other natural water sources [1] , against soluble antigens from T. gondii tachyzoite forms (STAg). Cytokines, chemokines, and isotypes of immunoglobulins have been evaluated in an effort to identify potential predictive factors for the development or prevention of ocular disease. All of the immunological parameters have been analyzed considering different groups of patients arranged according to the similarity in the retinal/retinochoroidal scar lesion group.
A pro-inflammatory specific T helper 1 (Th-1) oriented response is observed mainly in groups of patients presenting retinochoroidal scar healed from severe lesions, which suggests that the exacerbation of the immune response can be related to tissue damage, and its attenuation/regulation may be related to the development of minor retinal damages. The central role of IFN- seems to be important in both cases, namely, in exacerbated and in the regulated context of in vitro cellular immune response, suggesting that the cellular immune responses against T. gondii in the eye should be suitably tailored [11, 16, [21] [22] [23] , as we shall see later. Other molecules and cells related to the regulation of secretion of IFN-γ include IL-13, chemokines, isotypes of immunoglobulins, NK cells and T CD8 lymphocytes in relation to the development or prevention of development of toxoplasmic ocular pathology have also been investigated [11, 16, 21, 22] . The immunological parameters studied have also made way for the election of candidate genes to be investigated in studies of genetic association with ocular toxoplasmosis, as we shall see in the next section.
However, we have evaluated many immunological parameters we have chosen three to better illustrate the profile of the cellular immune response as a function of the type of scar lesion presented by patients. The first is IFN-, the prototype of Th-1 response that has been shown to be of vital importance for inducing anti-T. gondii effectors mechanisms to control the parasite replication in the host [25] . The second, IL-13, is a Th-2 cytokine whose functions overlap considerably with those of IL-4, and it is important for the control of the Th-1 response but that has not been well studied in toxoplasmosis. The third chemokine, CXCL 10 (interferon gamma-induced protein 10-IP-10), is secreted in response to IFN- stimulation. Recently, it was demonstrated in a murine model that treatment of chronically infected mice with anti-CXCL10 antibodies led to decreases in the numbers of CD3+, CD4+, and CD8+ T cells and the amount of IFN- mRNA expression in the retina and an increase in replicating parasites and ocular pathology, which provides evidence that the maintenance of the T-cell response and the control of T. gondii in the eye during chronic infection is dependent on CXCL10 [26] . Cytokines and chemokine measurements were carried out using supernatants collected from PBMC cultures stimulated with T. gondii antigens. The concentrations were determined by using the BD Cytometric Bead Array (CBA) human chemokine kit and Th1/Th2 cytokine kits and Human IL-13 Flex Set, according to the manufacturer's protocol (BD Pharmingen). Table 4 summarizes the individuals for which the specific immune response against T. gondii has been evaluated. The T. gondii serology and age range is provided. All the seronegative (SN) individuals, seropositive (SP) without ocular scar lesions (NL) and individuals with retinal or retinochoroidal scar lesions categorized as type A, type B or type C, as explained above, were sex-and age-matched among the groups. We observed that there was a similarity in terms of the profile of the in vitro immune response between patients who presented multiple scar type lesions and patients who presented single type A or B scar lesions, depending on which cytokine had been considered among the groups for comparison. Then immunological analysis, presented in Figure 3 and Figure 4 , show the patients presenting multiple type scar lesions (AB, ABC, AC or BC) grouped in two different ways. This optional arrangement of patients, considering the multiple types of scar lesions, has helped us to propose three settings of immune responses that match the clinical presentation of ocular toxoplasmosis, which has been inferred in our studies by the morphological appearance of the retinal/retinochoroidal lesions. The reasoning behind the optional arrangements is related to the common presence of type B and type A scar lesions in two (AB and ABC) out of the four (AB, ABC, AC and BC) multiple type scar lesions. In Figure 3 , they were grouped as follows: patients with AB, ABC and AC scar lesions are all included in the type A scar lesion group, which we considered the highest categorization in terms of tissue damage severity of scar lesion, and the patients presenting scar lesions of type BC were included in the group of type B scar lesions. The type C scar lesion group is composed of individuals presenting only type C scar lesions.
Concerning to the cytokine and chemokine production, we observed two levels of production that are termed as high or low levels. As a consequence, individuals producing low or high levels of cytokines or chemokines are termed high or low cytokine/chemokine producers. To calculate the frequency of high and low levels of production, an arbitrary cutoff value was established for each cytokine and chemokine based on the visual dispersion graphics, where it was possible to determine a dividing line that separated the secretion levels into two scattered clusters, one high and another low. The capability of producing low and high levels of IFN- is a phenotypic characteristic that is genetically associated with a single nucleotide polymorphism in the first intron of the human IFN- gene, as determined by Pravica and colleagues in 2000 [27] . The capability of producing low and high levels of IFN- can be observed in other infectious disease [28, 29] . The levels secreted by each patient that fell above the cutoff values were considered high values, and the levels that fell below the cutoff values were considered low values. The median value of the two cytokines IFN- and IL-13 and the chemokine CXCL10 secretion was utilized to help to establish the exact numeric cutoff values to be used for each cytokine and chemokine: 29.58ng./mL, 194.12 pg/mL, and 113.72 ng/mL for IFN-, IL-13 and CXCL10, respectively. Those median values refer to patients who presented type C scar lesions. This group was chosen because it exhibited the best spreading profile, producing two very clearly separated clusters corresponding to levels of high and low producers of the two cytokines and the chemokine that were evaluated. Figure 3 shows the frequency of IFN-, IL-13 and the chemokine CXCL 10 secretion, considering only patients who produced high levels of each cytokine, i.e., the high producers. The lowest frequency of high IFN- producers (43%) was observed in the group of patients with type B scar lesions even compared with patients presenting no lesions (SL) (52%), and the highest (61%) was observed in the group that presented type A scar lesions; 50% of the patients with type C lesions presented high levels of IFN- production. However, for IL-13 production, we observed that the lowest frequency of high producers was observed among patients with type A (28%) scar lesions, in comparison with patients who presented no lesions (SL) (29%). The highest production levels were observed among patients who presented type C scar lesions (50%); 30% of the patients with type B scar lesions presented high levels of IL-13 production. Curiously, for the CXCL 10 chemokine, which is inducible in response to IFN-, the highest frequency of high producers was observed among patients with type C scar lesions (53%), and the lowest frequency of high producers was observed among patients with type B scar lesions (21%), which is comparable to the frequency of high production observed in patients without ocular lesions (SL) (23%); 38% of patients with type A scar lesions were high producers of CXCL10. These data suggest that CXCL10 in humans can have the same role regarding T. gondii infection that it plays in mice: to control the numbers of CD3+, CD4+, and CD8+ T cells and the amount of IFN- mRNA expression in the retina and, in consequence, the replication of parasites in the eye during the chronic phase of T. gondii infection [26] . In addition, it is evident that patients who present type C scar lesions secrete high levels of IL-13, a cytokine that can control the levels of pro-inflammatory cytokines without affecting IFN- secretion within the eye, as shown in experimental models. The role of IL-13 was shown to inhibit pro-inflammatory cytokines, with the exception of IFN-, within the eye in a model of endotoxin-induced uveitis (EIU) in the Lewis rats. Intraocular injection of IL-13 significantly inhibited the production of pro-inflammatory cytokines and resulted in less intense ocular inflammation without down-regulating the levels of local IFN- [30] . In addition, the induced auto-immune uveitis with human retinal S-antigen in monkeys was treated with human recombinant IL-13 [31] . The injection of IL-13 significantly inhibited the inflammation in the eyes where the disease was present when the treatment was initiated. The beneficial effect of IL-13 extended into the 4-week follow-up period; however, after cessation of therapy, there was a progressive increase of inflammation in the IL-13 treated group. Nevertheless, the authors concluded that attention should be paid to the promising modality of treatment for severe uveitis with IL-13 [31] . The profile of the immune response against T. gondii exhibited by patients who presented type C scar lesions is suggestive of a favorable inflammatory environment within the eye for the maintenance of a controlled response to prevent both parasite growth and tissue damage, which could be caused by the parasite growth itself and/or may be a consequence of an exacerbated immune response against the parasite. In this context, it is important to highlight the fundamental importance that has been demonstrated for the role of IFN- in toxoplasmosis [25] .
IFN- can induce tryptophan degradation, which is critical to the parasite's survival [32] . The effects of interferon on multiplication of T. gondii in in vitro systems seem to be dependent on cell type, and a diversity of molecular mechanisms is evident depending on the cell type or system. It has been shown in neuronal tissues and cells that nitric oxide (NO) production is an important factor for parasite growth inhibition [33] . However, parasite growth inhibition was found to be independent of a nitric oxide-mediated or tryptophan starvation mechanism [34] . The control of parasite interconversion between tachyzoites and bradyzoites in the eye is also fundamentally dependent on IFN- [35] . Furthermore, in primary cultures of human retinal pigment cells (HRPE), T. gondii replication was inhibited by the induction of indoleamine 2,3-dioxygenase (IDO), which degrades tryptophan to kynurenine. However, nitric oxide production was not detected in this system [36] . Table 4 . The frequency of non-infected seronegative individuals (SN) is not shown because in none of them PBMC produced high levels of IFN-gamma, IL-13 and or CXCL10 (IP-10) under stimulation with soluble T. gondii antigens (STAg). The exact Fisher's test was used to compare the groups in terms of the differences in the frequencies of high cytokines/chemokine producers. Significances were found at the levels of * p< 0.05, ** p< 0.01 and *** p< 0.001. Significant differences were found between type A and type B scar lesions for IFN-γ production (* p< 0.05), between type C and all the other types of scars lesions regarding IL-13 secretion, and between type C and all the other types of scars lesions groups for CXCL10 (IP-10). The data regarding PBMC IFN-, IL-13 and CXCL10 from non-infected (SN) individuals in response to T. gondii soluble antigens is not shown because none of those patients produced high levels of those cytokines or chemokine.
Based on fundoscopic examinations, type C scar lesions seem to be areas of RPE hyperplasia or atrophy. However, they must to be better characterized by new high-resolution crosssectional imaging of the retinal tissues (such as using spectral domain optical coherence tomography) in order to better clarify their structural changes in the retinal layers. As mentioned earlier some aspects showed here led us to accept the relationship between type C scar lesions and T. gondii infection one of them is the profile of cellular specific immune response of patients who present only type C scar lesions, which is concomitantly abundant for IFN-, IL-13 and CXCL10. The reproduction of this type of scar lesion in experimental models would be of value to better understand their meaning in ocular toxoplasmosis. Because we have been working in a highly endemic area to toxoplasmosis and the majority of the population is T. gondii seropositive, we cannot rule out the possibility of an association between the type C scar lesions and other infectious or non-infectious conditions whose natures could be genetically predisposed and prevalent in the Campos population.
As stated previously, patients were grouped in an optional way. Those presenting only type A scar lesions comprised a distinct group, taking into account the possibility that in patients presenting only type A scar lesions, the course of the immune response could be different from that which occurred in patients who presented multiple type scar lesions. There are rational and intuitive aspects to this arrangement that are related to various factors, like the tendency for the production of higher IFN- levels of in PBMC cultures of patients who present only type A scar lesions in response to parasitic antigens and the clinical observation that some patients can present type A scar lesions soon after an episode of acute ocular toxoplasmosis without a previous history of ocular toxoplasmosis. However, some patients present a slower evolution, from mild to severe scar lesions, as described by Silveira and associates in a well documented report [13] . As previously stated in this chapter, this observation concerns the evolution of hyperpigmented "atypical" toxoplasmic retinal scar lesions (similar in appearance to the type B toxoplasmic scar lesions that we have described) evolving to "typical" toxoplasmic retinochoroidal lesions (similar in appearance to the type A toxoplasmic scar lesions that we have described). Then for the analysis of the immune response as a function of the clinical presentation of ocular toxoplasmosis inferred by the morphological appearance of the retinal/retinochoroidal scar lesions, the patients were optionally arranged into three groups as follows: i) patients presenting only type A scar lesions; ii) patients presenting only type B scar lesions plus patients presenting all the multiple type scar lesions (AB + ABC + AC + BC); and iii) patients presenting only type C scar lesions. Figure 4 summarizes the in vitro parameters of the cellular immune response against T. gondii antigens by PBMC of patients in the context of the retinal/retinochoroidal lesions considering the three groups of type A, type C and type B plus the multiple type scar lesions. Similarly, as shown in Figure 3 , considering the profiles of the frequency of high IFN-, IL-13 and CXCL10 production by PBMC of patients stimulated with T. gondii soluble antigens (STAg), we identified three possible settings of the immune response that can be associated with the type of scar lesion. As shown in Figure 4 the Platonic solid octahedron is suitable for representing the diversity of scar lesions as a function of the three settings of immune responses. On the two edges are the polar scar lesions, type A and type C. In the top is the type A scar, which is caused by the most severe type of lesion, and in the bottom is the type C scar that likely resulted from a less severe lesions type. Both types of scar lesions respectively correlate with the setting of an exacerbated and an adequately regulated Th-1 response. In the four central vertices are type B scar lesions and the multiple type scar lesions AB, AC and BC, and in the center of the octahedron is the multiple type scar lesion ABC, all of which correlate with the setting of an immune response characterized by lower levels of Th-1 (IFN- and CXCL10) and Th-2 (IL-13) compared with type A and C scar lesions. Taking into account this fact, it is possible that other T cells subtypes, such as Th-17, for instance, can be important in this setting. Reinforcing this supposition is the fact that we have observed recent associations of ocular toxoplasmosis and polymorphisms in the NOD2 (nucleotide-binding oligomerization domain-containing protein 2) gene and increased IL-17A production by PBMC under T. gondii antigenic stimulation in patients with chronic or active ocular toxoplasmosis [37] . This fact could explain the lower levels of IL-13, IFN- and CXCL10 observed for patients who present type B and multiple type scar lesions. However, we have not analyzed patients considering their type of scar lesion groups for the mentioned genetic association study due to sample size restrictions, and the genetic association found for NOD2 refers to the presence of ocular scar lesions without precisely identifying what type of scar lesion it could be. The data regarding PBMC IFN-, IL-13 and CXCL10 from non-infected (SN) individuals in response to T. gondii soluble antigens is not shown in Figure 3 and Figure 4 because none of those patients produced high levels of the cytokines or chemokine in question. In conclusion, elements from the cellular immune response, evaluated in PBMC cultures of population-based studies evidence that the morphological aspects of retinal/retinochoroidal scar lesions can be associated with three settings of immune response in areas of high prevalence of ocular toxoplasmosis. The three settings are i) a Th-1 prominent response with high levels of IFN-, moderate to low levels of CXCL10 and low levels of IL-13, which relate to single type A scar lesions that are healed from the most severe toxoplasmic ocular lesions; ii) a cellular response with moderate to low levels of IFN- and IL-13 and low levels of CXCL10, which relate to multiple type and type B scar lesions; and iii) a sharply regulated Th-1 response with moderate to high levels of CXCL 10 and IL-13 and moderate levels of IFN-, which relate to type C scar lesions and could protect against tissue damage due to parasite replication within the eye.
Ocular toxoplasmosis in association with other infectious diseases: Could this impact the clinical presentations of toxoplasmic scar lesions in population-based surveys?
The interaction with other pathogens co-infecting T. gondii seropositive patients will depend on their exposure to such eventually co-prevalent parasites in the same area and on the type of immune response driven against them. The disease manifestation of T. gondii infected patients who become infected with HIV exemplify well this type of interaction and modification on the clinical presentation of ocular toxoplasmosis in the face of concomitant infections [3] .
The scar lesions left by healed uveitis caused by T. gondii infections result from the previous process of uveal inflammation, which they have in common with other infectious and noninfectious agents that also cause uveitis, the possibility to compromise the iris, the cilliary body, the choroid adjacent structures of the eye including the vitreous, the retina and the optic disc. In this context, the thesis dedicated to this specific issue entitled "Infectious uveitis new developments in etiology and pathogenesis" from De Visser [38] underlines the necessity in clinical practice to have the support of laboratory data for the confirmation of a suspected diagnosis, as similar clinical features may be caused by different pathogens. The prompt identification of infectious uveitis entities is of vital importance for treatment regimens and visual prognoses of intraocular infections, and differ completely from noninfectious disorders treatments.
The thesis also reports on the similarity between retinal/retinochoroidal scar lesions left by Rubella eye infection and those left by ocular toxoplasmosis in a well-documented retrospective study. The clinical presentations of the focal retinal scars in 11 patients with intraocular proof of Rubella virus and in 17 patients with intraocular proof of T. gondii infection are compared. Photographic and angiographic records of the 28 patients were masked for identification and for infectious agent and were evaluated by four specialists in the field of ocular toxoplasmosis. It is reported that no differences were observed between the retinochoroidal scar lesions in Rubella virus-positive and T. gondii-positive patients. Retinochoroidal scar lesions were considered consistent with the diagnosis of ocular toxoplasmosis in 55% of Rubella virus-positive patients and in 88% of T. gondii-positive patients by at least three out of the four experts. According to the author of the thesis, two experts considered the retinal lesions in T. gondii-positive patients more frequently "consistent with the diagnosis of ocular toxoplasmosis" (P = .010 and P = 0.011). There was a substantial agreement between the four experts (Fleiss' Kappa = 0.623) [38] .
We cannot rule out the fact that none of the patients have been considered as cases of ocular toxoplasmosis in the Campos dos Goytacazes surveys or in surveys from other parts of Brazil, as scar lesions left from Rubella virus infection as opposed to T. gondii ocular infection were present in their eyes. However, we have to take into account that Rubella was a highly prevalent virus worldwide, including in Brazil, and it is probable that if ocular lesions left by Rubella infection were as frequent as in toxoplasmosis, such lesions would already have been described as a causative entity of uveitis with epidemiologic importance. Rubella virus-caused lesions currently no longer occur due to the vaccination program against Rubella virus that was undertaken in many countries, including in Brazil where it was introduced 15 years ago. Hence, despite the clinical relevance of the similarity between the Rubella virus-caused lesions and toxoplasma retinal/retinochoroidal scar lesions, we believe that from an epidemiologic perspective, this similarity is not relevant. However, these data reinforce that the search for parameters, other than the morphological and serological, for classifying retinal/retinochoroidal scar lesions presumably caused by T. gondii infections should be pursued. Parameters of cellular specific immune response or the genotyping of candidate genes with the potential to differentiate between infectious agents that produce similar ocular lesions could be of help for disease management.
We have reported recently in Campos that the host immune response to T. gondii and Ascaris lumbricoides evidence co-immune modulation properties that can influence the outcome of both infections. One of the most impressive aspect of the immune response of co-infected individuals is the prominent specific secretion of IL-13 against Ascaris and T. gondii antigens by PBMC of patients who present type C scar lesions in addition to middle to high secretion levels of IFN- [11] . This aspect of the immune response seems to be important for the control of the parasite retinal replication and most likely for the maintenance of an equilibrated T. gondii load and the interconversion of tachyzoites and bradyzoites in the eye tissues. T. gondii and A. lumbricoides are both parasites that infect hosts orally; however, they elicit polar type I or type II host responses, respectively. Because both parasites are endemic in tropical areas, it is likely that co-infections with these organisms have been common throughout human evolution. If this is the case, then the host immune response mounted against both parasites may have adapted to permit such co-parasitism. The possibility of A. lumbricoides to produce some type of ocular scar lesion in humans seems not to be of epidemiologic importance, as we have not detected ocular scar lesions in patients seronegative to T. gondii and positive to A. lumbricoides in our surveys.
The recent adoption of massive anti-helminthic treatments for people living in poor communities as a measure of public health policy has made difficult the research on individuals co-infected with A. lumbricoides and T. gondii in Campos dos Goytacazes as well as in other parts of Brazil. For this reason, we have begun to work with an experimental model of co-infection with T. gondii and Heligmosomoides polygyrus, which has been shown as valid model for studying parasites that evoke polar Th-1 and Th-2 in mice. H. polygyrus is a gastrointestinal worm, a natural parasite to mice, which evokes a polarized Th2 response in the host and blocks the type 1 immune response [39, 40] . It has been shown that a previous infection with the helminth can inhibit the development of CD8 T-cell immune response against T. gondii, thus compromising long-term protection against a protozoan parasite [41] , which illustrates the adequacy of the model for studying the interaction between helminthic and T. gondii infections.
Immunogenetic studies: Candidate genes on ocular toxoplasmosis
Studies on genetic association in human toxoplasmosis in the past have provided evidence of associations between human leukocyte antigen (HLA) genes with the susceptibility to toxoplasmic encephalitis in AIDS patients (42) and with the outcome of congenital toxoplasmosis [43] . However, no causal relationships have been proven so far. We have conducted genetic association studies of candidate genes which potentially influence the profile of the inflammatory response against T. gondii (17, 18, 37) in patients with ocular toxoplasmosis by means of single nucleotide polymorphisms (SNPs) analysis. Significant associations between genetic polymorphisms and ocular disease in family-based studies have been found for Toll-like receptor-9, (TLR-9) [17] , P2X7 purinoceptor 7 (P2RX7) [18] and nucleotide-binding oligomerization domain-containing protein 2 (NOD2) [37] genes. These studies are currently being expanded to be replicated into population n-based investigational projects. All of these genes are related to innate immunity and have been described in processes of inflammasome assembly, which plays an important role in processing IL-1 beta and other IL-1 beta cytokine family member (IL-18, IL-33) precursors in active cytokines, promoting a pro-inflammatory response [44] .The SNPs rs352140 at TLR-9 and rs3135499 at NOD2 were statistically significantly associated with the manifestation of ocular toxoplasmosis [17, 37] while the absence of the SNP rs1718119 at P2RX7 was strongly associated with protection to ocular disease manifestation [18] as we shall see in detail.
The product of the P2RX7 belongs to the family of purinoceptors for ATP, 595 amino acids in length and highly polymorphic. The relative amount of P2X7 function varies between human individuals because of the numerous single nucleotide polymorphisms; combinations of these polymorphisms give rise to various haplotypes that can modify P2X7 function and result in either loss or gain of function [45] . Splice isoforms that can alter receptor expression and function and modify the signaling properties downstream of receptor have also been described [45] .
The receptor functions as a ligand-gated ion channel and is responsible for ATP-dependent lysis of macrophages by means of the formation of membrane pores that are permeable to large molecules. The receptor P2X7 functions as a pro-inflammatory receptor in cells of the monocyte/macrophage lineage and is activated by extracellular ATP released from a variety of cellular sources including platelets and damaged cells [46] Its expression is up-regulated by IFN-γ and can lead directly to the killing of intracellular pathogens including T. gondii [46, 47] . P2X7 stimulates inflammasome activation and secretion of IL-1β [48] .
Polymorphisms at the P2RX7 have been investigated in a cooperative immunogenetic study involving patients from United State and Campos dos Goytacazes in Brazil. The studies comprised 149 child in 149 child/parent trios from North America and 60 families with 68 affected with postnatal ocular toxoplasmosis offspring in Brazil [18] . For the United states casuistic, an association between the derived C(+)G(−) allele and a second synonymous variant rs1621388 in linkage disequilibrium with it; and clinical signs of disease per se. were observed . Analysis of clinical sub-groups showed associations with retinal disease and brain calcifications (OR=3.0 to 4.25; 0.004<P<0.009). The association with toxoplasmic retinochoroiditis was replicated in a family-based study from Campos dos Goytacazes (60 families; 68 affected offspring), where the ancestral T(+) allele (f= 0.296) at SNP rs1718119 which contains the Ala-348 to Thr polymorphism was strongly protective (OR= 0.27; 95% CI: 0.09-0.80) [18] . This last association at SNP rs1718119 was recently replicated in a casecontrol study with 361 non-related individuals. The study confirmed the protective association of the T(+) allele (f= 0.296) (OR =0,3; 95% CI: 0,15-0,59 chi-square value = 13,53 p corrected for multiple comparisons = 0.0132) for patients with type B scar lesions [49] The SNPs at the P2RX7 may be associated with a gain or loss of function of the receptor. Data from Stokes and colleagues [50] showed the gain of function for P2X7 haplotypes carrying rs1718119 SNP, which matches our recent case-control data that confirmed a strong protection due to the ancestral allele T(+) for the P2RX7 associated with the development of ocular disease. Therefore, it is reasonable to speculate that the ancestral allele (that do not carry the rs1718119 SNP and do not contain the Ala-348 to Thr polymorphism) would help to protect against an exacerbated immune response as a consequence of the gain of function conferred by the rs1718119 SNP, which would lead to an immune response with high levels of pro-inflammatory cytokines, such as IL-1 β and IFN-, and could contribute to retinal tissue damage. Our data provides evidence that the Th-1 specific immune response is centered in the IFN- secretion by PBMC of patients with the different types of retinal/retinochoroidal scar lesions, which also reinforces the supposition that an exacerbated immune response in an environment with prolonged inflammatory mediators can contribute to retinal/retinochoroidal damage.
Albuquerque and colleagues described an association between the IFN- +874T/A gene polymorphism with toxoplasmic retinochoroiditis susceptibility [51] . This study is related to the Santa Rita (Barra Mansa) casuistic, as described previously in this chapter. The authors found that AA homozygous individuals showed a 1.62-fold higher risk than other genotypes (AT and TT) for developing toxoplasmic retinochoroiditis [51] . Regarding the IFN- +874T/A gene polymorphism, it was demonstrated that the polymorphism is linked to high and low producer phenotypes [27, 28] and the genotype AA is associated with the phenotype for low IFN- capacity of production in contrast to the AT or TT genotypes that are linked with a phenotype for a middle and high IFN- capacity of production respectively [29] . The T to A polymorphism coincides with a putative NF-kappa B binding site that may have functional consequences for the transcription of the human IFN- gene [27] . In the Santa Rita study, the IFN- production by PMBC of the patients was not reported. However, considering that this cytokine is a very important to parasite control replication, the patients presenting the AA genotype for the IFN- +874 T/A polymorphism likely have a similar profile of specific cellular immune response with that observed for the group that presented lesions of types B and BC, as shown in Figure 3 , and multiple type scar lesions, as shown in Figure 4 . Namely, they would tend to produce moderate to low levels of IFN- and IL-13 and low levels of CXCL 10, which most likely causes an immune response that is not sufficient to efficiently prevent/control parasite proliferation; as a consequence, retinal/retinochoroidal tissues damage occurs. It is important to note that to determine the frequency of the genotype AA among individuals grouped by the type of scar lesions, in association with phenotypic parameters of the immune response, like cytokines and chemokines, would be of value to improve our understanding of the possible pathological mechanisms that occur in the different types of scar lesions in ocular toxoplasmosis.
Other reports in the literature have described genetic association studies of cytokines with toxoplasmic ocular diseases in Brazil. However, they describe small casuistic related to patients from ophthalmologic reference centers and do not find significant associations [52] [53] [54] , although one suggests the association of polymorphism at IL-1 alfa gene and the recurrence of ocular toxoplasmosis [54] .
Conclusion
We have presented data related to a decade of research on a hyperendemic area to T. gondii infection, considering aspects linked to the clinical presentation of ocular disease in a population exposed to high risk of waterborne toxoplasmosis, the profile of in vitro specific immune response in the function of the disease's clinical presentation, and genetic association studies with candidate genes in ocular toxoplasmosis.
It is important to consider the conclusions and advances that can be derived based on the study of PBMC from patients who exhibit different clinical presentations of ocular toxoplasmosis, stimulated in vitro with parasite antigens. One can argue that the study of the specific responses of PBMC in vitro does not reflect the eye's immune-privileged environment, for instance. However, the study of PBMC represents is a non-invasive approach that is adequate for population-based studies such that in the genomic medicine era, it will improve our understanding of relevant gene response, i.e., their activation and regulation in inflammatory process within the eye. The associations between phenotype and genotype data from cohorts accelerate our understanding of the molecular mechanisms involved in the disease's pathology. Our data on P2X7 genotyping genes together with the PBMC immune profile illustrate this aspect. Namely, our initial hypothesis on an exacerbation of the inflammatory response with high levels of pro-inflammatory cytokines, especially IFN- secretion, concomitant with relatively low levels of anti-inflammatory cytokines like IL-13 secretion in response to parasite antigens, which was identified by in vitro PBMC stimulation experiments and could contribute to the development of ocular disease, is reinforced by the findings on P2RX7 genotypingat the SNP rs1718119. This data showed that the ancestral allele is highly protective for the development of ocular disease. The SNP rs1718119 has been demonstrated to confer a gain of function to the receptor P2X7, imbuing it with a more vigorous pro-inflammatory response. Therefore, the presence of the ancestral allele would protect the eye tissues from harmful exacerbations of immune responses, which corroborates our previous interpretations from PBMC experiments, as described above. Furthermore, the similarity of immunologic parameters between the mouse model and human infection, such as that observed for IFN- and CXCL10, motivates the development of innovative protocols using PBMC to access the gene response at the patient level. This approach is both feasible and suitable. For instance, in a given patient, it is possible to study PBMC to access the expression of the P2X7 protein, the product of the same P2RX7 that is expressed in retinal epithelial cells. Concerning the relevance of this approach, it is worth mentioning that primary cultures of human retinal epithelial cells that express P2X7 protein [55] are responsive to IFN-γ stimulation leading to T. gondii elimination in a pathway independent of nitric oxide (NO) [36] .
The interpretations of our data on PBMC in vitro stimulation with T. gondii antigens together with the candidate genes genotyping relevant to the innate immune response, targeting the parasite, contribute to a better understanding of the immunological pathogenesis of infectious diseases that has been recently achieved. However, many issues remain to be addressed before the clinical exploitation of these findings can be realized. The function of these elements and their interplay with one another and with other components in the immune system are complex, and it is crucial to determine the balance between their beneficial and pathological roles in ocular toxoplasmosis.
Finally, the immune responses of patients from population-based studies who exhibit diverse scar lesions that are likely caused by T. gondii infection illustrate the multifactorial nature of ocular toxoplasmosis. Beyond host genetics and interactions with other pathogens that we have mentioned in this chapter, there are many other factors, such as environmental questions, the age at which individuals are infected, the parasitic load in the host, and the parasite genetic background that are equally important for disease manifestation. Therefore, all of these aspects, in addition to those not mentioned here or unknown, that characterize the multifactorial nature of ocular toxoplasmosis cannot be considered separately, and their interaction in and with the host will be expressed by one single feature that represents the profile of the immune response mounted by the host. The immune response will be subject to influences by every factor and will ultimately impact the different clinical presentation of ocular toxoplasmosis. 
